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(54) Proportional diversity racflo receiver system with dynamic noise-controlled antenna phasers 



(57) A space diversity, multiple- tuner ratio receiver 
obtains substantially noise free reception under most 
signal conditions. The tuner outputs are mixed in pro- 
portion with the signal quality as determined by detect- 
ing noise in each tuner output signal. Long-time-delay 



multipath distortion, adjacent channel interference, and 
co-channel irrtederence are reduced by selecting prede- 
termined antenna pattern combinations in response to 
high noise levels being present from both tuners. 
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Description 

[0001] The present invention relates in general to 
space diversity radio receivers with spaced antennas, 
and, more specifically, to a diversity radio receiver sys- s 
tern with proportional mixing of output signals from mul- 
tiple tuners which are attached to a reconfigurable 
antenna signal combiner that combines antenna signals 
according to different phase combinations. . 
£0002] Space cfiverstty radio receiver systems are a 10 
well-known means to reduce the effects of mufti path dis- 
tortion in mobile receivers. Muitipath distortion is a 
localised effect resulting from interaction between sig- 
nals from a transmitter which traverse different paths to 
reach a receiving antenna. By switching between 15 
spaced antennas in a diversity radio receiver, specific 
muftipath events can be avoided since the spacing of 
the antennas helps insure that not both of the antennas 
will experience the same "short time delay* mufti path 
events at the same time. 20 
[0003] Copending application US. 09/103,131, 
entitled "Proportional Diversity Radio Receiver Sys- 
tem," filed June 23, 1998, which is incorporated herein 
by reference, discloses a proportional mixing system for 
reducing both short time delay muftipath and long time 26 
delay multipath distortion mixing first and second tuner 
output signals proportionally in response to their signal 
strength signals and their detected long time delay mul- 
tipath distortion. Such a proportional mixer, however, 
may still produce a noisy output signal when the 20 
antenna signals at both antennas are poor. 
[0004] Since any particular broadcast could be 
received using either antenna at any particular time, 
each antenna in a mobile diversity system is designed 
to provide omnidirectional reception. Thus, any noise 35 
present in the received signals which resulting from 
non-multipath sources, such as adjacent channel and 
co-channel interference and weak signal conditions, are 
present equally in both antennas and they cannot be 
removed by proportional mixing. 40 
[0005] According to the Invention there is provided 
a mufti -tuner, space diversity radio receiver comprising: 
a first tuner providing a first tuner output signal; a sec- 
ond tuner providing a second tuner output signal; a first 
antenna providing a first antenna signal; a second 46 
antenna providing a second antenna signal; an antenna 
signal combiner coupled between said antennas and 
said tuners seiectabfy combining said first and second 
antenna signals according to a selected one of a plural- 
ity of predetermined phase combinations; a first noise so 
detector coupled to said first tuner, and producing a first 
noise level signal in response to a level of noise 
detected in said first tuner output signal; a second noise 
detector coupled to said second tuner and producing a 
second noise level signal in response to a level of noise 65 
detected in said second tuner output signal; a tuner sig- 
nal combiner coupled to said first and second tuners 
and said first and second noise detectors combining 



said first and second tuner output signals Into a mixed 
tuner output signal in proportion to said first and second 
noise level signals, respectively; a noise threshold 
detector coupled to said first and second noise detec- 
tors and generating an excessive noise detection signal 
rf both of said first and second noise level signals are 
greater than a predetermined threshold; and a control 
coupled to said noise threshold detector and said 
antenna signal combiner to select a different one of said 
predetermined phase combinations in response to said 
excessive noise detection signal. 
[0006] Further according to the invention there is 
provided a method of controlling an antenna signal 
combiner in a space diversity radio receiver having first 
and second antennas and first and second tuners, 
wherein said antenna combiner Includes switched 
weighting and phase delay circuits for selectatxy com- 
bining first and second antenna signals to be applied to 
said first and second tuners according to a plurality of 
respective predetermined directional radiation patterns, 
said method comprising the steps of: measuring first 
and second noise magnitudes in output signals from 
said first and second tuners, respectively; proportionally 
combining said output signals from said first and second 
tuners in response to said first and second noise magni- 
tudes to provide a mixed tuner output signal lor recover- 
ing broadcast information; comparing said first and 
second noise magnitudes to a predetermined noise 
threshold and generating a detection signal rf both of 
said noise magnitudes are greater than said predeter- 
mined noise threshold; and reconfiguring said antenna 
combiner In response to an initial generation of said 
detection signal in order to select different respective 
predetermined directional radiation patterns. 
[0007) The present invention has the advantage 
that overall reception performance of a mobile receiver 
is improved even In the presence of short-delay and 
long-delay multipath. adjacent channel and co-channel 
interference, and weak signal reception. The propor- 
tional diversity system with noise-controlled antenna 
phasers is much simpler and less expensive than full 
adaptive antenna array systems as known m the prior 
art. 

[0008] The invention will now be described, by way 
of example, with reference to the accompanying draw- 
ings, in which:- 

Figure 1 1s a perspective view of a mobile vehicle 
having space diversity antennas mounted thereon; 
Figure 2 is a plot showing antenna patterns for first 
and second diversity antennas; 
Figure 3 plots a pair of effective antenna patterns 
resulting from a particular phase combination of 
antenna signals; 

Figure 4 plots another pair of effective antenna pat- 
terns resulting from a different phase combination 
of antenna signals; 

Figure 5 is a block diagram showing a radio receiver 
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according to the present Invention; • ' ■ / 
Figure 6 is a schematic diagram showing a com- 
mon mode amplifier as employed in Figure 5; 
Figure 7 is a plot showing output voltages from the 
common mode amplifier for various inputs to the 
amplifier for proportional mixing of the tuner sig- 
nals; 

Figure 8 shows control signals generated by the 
noise modification controBer of Figure 5; and 
Figure 9 Is a flowchart showing a preferred embod- 
iment of the method of the present invention. 

[0009] Referring to Figure 1. a mobile vehicle 10 
includes a proportional diversity radio receiver 1 1 con- 
nected to a pair of antennas 12 and 13 in a dual tuner 
proportional diversity radio system, Antenna 12 is 
shown as a vertical wh'p or mast antenna while antenna 
13 is shown as an on-glass comformal antenna. The 
antennas are connected to receiver 11 via appropriate 
transmission Tines. Mounting one antenna near the front 
of the vehicle and the other antenna near the rear of the 
vehicle maximises their spacing distance and provides 
the greatest ability to minimise multipath events. 
Although the spaced diversity antennas need not have 
identical electrical and reception properties* each is 
preferably designed to provide acceptable reception 
equally from ail directions and expected signal polarisa- 
tions. 

[001 0] As shown in Figure 2, each antenna acting 
alone preferably provides a substantially omnkiirec- 
t tonal radiation pattern since it is desired to maintain the 
ability to receive broadcast signals from any direction 
from either antenna whenever the antenna signals 
themselves are not being combined using phasers. 
More specifically. Figure 2 shows unmodified antenna 
patterns including a first pattern 15 for the first antenna 
and a pattern 16 for the second antenna, each pattern 
being substantially omni-directional with respect to a 
predetermined direction 17 such as the forward direc- 
tion of the vehicle. Thus, trie first antenna signal and the 
second antenna signal can be coupled to first and sec- 
ond tuners, respectively, for omni-directional reception. 
[0011] The present invention recognises the possi- 
bility that long-time delay multipath distortion or adja- 
cent channel or co-channel interference or generally 
weak signal conditions can occur making acceptable 
reception impossHe using only omni-directional 
antenna patterns. Therefore, the present invention 
detects times when neither tuner provides an accepta- 
ble reception signal and then modifies antenna recep- 
tion patterns by combining signals from the two 
separate antennas. Preferably, these directional 
antenna patterns are aligned toward the front, back, and 
sides of the vehicle as described in copending applica- 
tion Serial No. (198-0014), incorporated herein by refer- 
ence. 

[0012] The two tuners may be driven from the 
antennas with different antenna reception patters as 



shown in Figures 3 and 4. The first and second anten- 
nas are interconnected according to various phase 
shifting and weighting of signals in order to produce 
directional antenna signals so friat the respective tuners 

5 become sensitive in opposite directions during poor sig- 
nal reception. Thus, a first tuner may receive an 
antenna signal according to an antenna pattern 20 pro- 
viding directional antenna reception In a direction oppo- 
site from direction 17 while the other tuner receives an 

10 antenna signal corresponding to an antenna pattern 21 
having greatest signal reception in the same direction 
as direction 21, as shown in Figure 3. When the 
antenna patterns of Figure 3 fail to improve reception, 
then antenna patterns 22 and 23 of Figure 4, which are 

iff perpencticular to direction 1 7, may be tried. By alternat- 
ing between antenna pattern pairs as shown in Figures 
2-4, the multi-tuner space-diversity radio receiver of the 
present invention can find an antenna pattern which 
provides the best possible reception during conditions 

so of generally poor signal reception. In other wads, the 
tuner input is desensitised with respect to sources of 
multipath interference and adjacent channel interfer- 
ence which are received from a different direction than 
the direct broadcast signal. 



26 [0013] A preferred embodiment of an FM receiver of < 

the present invention is shown in greater detail in Figure 1 
5. First and second antennas 24 and 25 are coupled 

through an antenna signal combiner 26 to first and sec- ? 

ond tuners 27 and 28, respectively. The output signals i 

so from tuners 27 and 28 are coupled through voltage con- 
trolled amplifiers (VCA) 30 and 31, respectively, to 1 
inputs of a summer 32. In an FM receiver, a mixed tuner i 
output signal MPX from summer 32 Is provided to the ? 
input of a stereo decoder 33 and to a radio data system j 

96 (RDS) decoder 34. Left and right stereo audio signals a 



are provided from stereo decoder 33 to an audio proc- 
essor 35 which is under control of a microprocessor 36 
for adjusting audio parameters such as volume, tone, 
balance, and fade. The mixed tuner output signal from 

40 summer 32 is obtained in accordance with the detected 
noise level of each respective tuner signal. Thus, a 
noise detector 37 is coupled to receive the output signal 
from tuner 27 and provides a detected noise signal N-i 
to the non-inverting input of a common mode amplifier 

4S 39. Similarly, a noise detector 38 generates a noise 
level signal In response to the output from tuner 28. 
Noise level signal N 2 is coupled to the inverting input of 
common mode amplifier 39. Amplifier 39 provides a first 
control voltage V 1 to a control input of VCA 30 and a 

60 control voltage V 2 to a control input of VCA 31 . 

[0014] Common mode amplifier 39 is shown in 
greater detail in Figure 6. Noise level signal Nj is cou- 
pled through a resistor 70 to the base terminal of a tran- 
sistor 71. Noise levei signal N 2 is coupled through a 

55 resistor 72 to the base terminal of a transistor 73. The 
emitter terminals of transistors 71 and 73 are tied 
together and coupled to a voltage supply v c through a 
resistor 74. The collector terminals of transistor 71 and 
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73 are coupled to ground through resistors 75 and 76, 
respectively. The collector terminal of transistor 71 out- 
puts control voltage V 2 while the collector terminal of 
transistor 73 outputs control voltage VY Control volt- 
ages V 1 and V 2 are complementary in that they provide 
a substantially constant sum such that the mixed FM 
MPX signal from summer 32 has a constant output level 
with no audio modulation. Thus, the output signals from 
tuners 27 and 28 are combined in proportion to the 
magnitude of noise detected by each respective noise 
detector. Noise detectors 37 and 38 may detect the 
magnitude of noise by examining high frequency com- 
ponents of the tuner output signals as is descrfeed In 
U.S. Patent 5,125.105, which is incorporated herein by 
reference. 

[0015] in the case that excessive noise is detected 
within the output simultaneously from each tuner, then 
proportional mixing of the two tuner signets tails to pro* 
ouce an acceptable reception signal. Thus, the present 
invention employs a noise threshold detector 40 to 
detect the occurrence of excessive noise in both tuners 
simultaneously and to generate an excessive noise 
detection signal if both the first and second noise level 
signals N, and N 2 are greater than a predetermined 
threshold V,. Noise threshold detector 40 includes a 
comparator 41 receiving noise level signal N, at its 
inverting input and receiving threshold voltage V, at its 
non-inverting input A comparator 42 receives noise 
level signal N 2 at Hs inverting input and receives thresh* 
old voltage V t at its non-inverting input. Trie outputs of 
comparators 41 and 42 are coupled to respective inputs 
of an AND gate 43 which provides its output signal to a 
noise rnodrficatfan controller 44 and to an antenna con- 
figuration logic block 45. When the excessive noise 
detection signal from AND gate 43 is has a high level, 
noise modification controller 44 and antenna configura- 
tion logic block 45 are activated. 
[0016] Noise modification controller 44 preferably 
employs several known corrective actions for reducing 
the affects of noise on audio reproduction including 
reducing stereo separation in the stereo decoder, 
reducing high frequency gain (Le., hi-cut) in the audio 
output, and reducing total receiver volume (i.e., volume 
cut). 

[0017] The complementary voltage levels for con- 
trol signals and V 2 are shown in Figure 7. Each sig- 
nal varies between minimum gain at zero volts and 
maximum gain at voltage V c in response to the differ- 
ence between noise level signals N t and 
[0018] Figure 8 shows control voltages for imple- 
menting stereo separation reduction, hi-cut and volume- 
cut in response to an excessive noise detection signal 
extending between times t 1 and t 2 . Each noise reduc- 
tion action is implemented with a respective attack time 
as is known in the art to reduce distortion. After reach- 
ing maximum, each noise reduction action remains at 
its maximum until it is released at time t 2 when the 
excessive noise detection signal ceases. Each noise 



reduction action then decays at an appropriate rate as 
known in the prior art 

[0019] Returning to Figure 5, when an excessive 
noise detection signal is present, the antenna conf igura- 
s tion is changed in order to attempt to find a better recep- 
tion signal using different antenna patterns. Thus, when 
the output from. ANO-gate 43 has a positive going tran- 
sition, antenna configuration logic 45 increments to its 
next control state for configuring antenna combiner 26. 
io When both outputs a and b from logic block 45 are low 
logic levels, then tuners 27 and 28 receive only from 
antennas 24 and 25 respectively without combination of 
antenna signals (this corresponds to omni-directiona) 
reception for both tuners). When either logic block otit- 
is put a or b is high, then antenna signals are cross-fed to 
shifting and weighting circuits and then added in sum- 
mers 50 and 51 to generate the various directional 
antenna patterns. Thus, logic block output a is coupled 
to a switch 52 and a switch 55. Switch 52 is connected 
20 between antenna 24 and a first weighting block 53 
which attenuates the antenna signal by a weight factor 
W a>1 . The weighted signal from weight block 53 is phase 
shifted in a phase shift block 54 according to a phase 
shift value P^. The phase-shifted signal is coupled to 
26 one [rtput of summer 51 . Also in response to logic block 
output a, switch 55 selectively provides antenna signals 
from antenna 25 to a weight block 56 with a weighting 
factor W a>2 . This weighted 6ignal is provided through a 
phase shift block 57 with a phase Ghfft value P Q>2 to one 
30 input of summer 50. With output a from logic block 45 
high, the phase shifting and weighting circuits provide 
effective antenna patterns to tuners 27 and 28 corre- 
sponding to the antenna patterns shown in Figure 3. for 
example. 

35 [0020] When outputs of logic block 45 is Mgh.tfien 
switches 60 and 63 are activated which results in the 
effective antenna patterns of Figure 4 being provided to 
tuners 27 and 28. 

[0021] The phase shift and weighting factors used 

<o in antenna combiner 26 depend upon the specific 
antenna configurations and properties, as weB as the 
electromagnetic properties of the vehicle in which they 
are installed. The determination of actual values for any 
particular receiver and vehicle can be accomplished 

4$ using techniques well known in the art for obtaining 
desired antenna reception patterns. A weighting circuit 
may employ resistive attenuators while the phase shift 
circuits may be comprised of inductive and/or capacitive 
circuits. Outputs a and b of logic block 45 are mutually 

so exclusive in that only one can be at a high level at any 
time although both can be a low level (i.e., when omni- 
directional antenna patterns are being used). 
[0022] Operation of the receiver of Figure 5 will be 
described in greater detail in connection with the i low- 

55 chart of Figure 9. In step 80, the noise level in each 
tuner output signal is measured using the noise detec- 
tors in order to detect the occurrence of muftipath, acja- 
cent channel interference, and other types of 
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interference. In step 81. the common mode arnplifier 
sets the proportional mixing amount of each tuner out- 
put signal into a final mixed output signal for reproduc- 
tion by the receiver. The noise level signals Nj and hfe 
are compared with predetermined noise threshold V t in 
step 82. if noise level signals N 1 and N2 are not both 
above the predetermined threshold, then a return is 
made to step 80 for further monitoring of noise level, If, 
however, both noise level signals N 1 and N 2 are above 
threshold V t , then corrective action is taken beginning 
with step 83, wherein reception is modified to reduce 
noise in the aucBo output (i.e., reduction of stereo sepa- 
ration, N-cut, and volume-cut). In step 84. the antenna 
combiner is reconfigured in order to select the next set 
of antenna patterns. The antenna configuration logic 
waits for a predetermined delay in step 85 to allow the 
receiver to settle into the new reception pattern. The 
predetermined delay is preferably equal to about 500 
microseconds. In step 86, another check is made to 
determine whether both noise level signals N t and N 2 
are still above the predetermined threshold. If both are 
above, then a return is made to step 84 for reconfiguring 
to the next antenna, patterns. If both noise level signals 
are not above the threshold, then an acceptable recep- 
tion pattern has been found and the antenna combiner 
is left in its current state. The modifications to the recep- 
tion from step 83 are released in step 87 and a return is 
made to step 80 for further monitoring of the noise level. 

Claims 

1. A multi-tuner, space diversity radio receiver com- 
prising: 

a first tuner (27) providing a first tuner output 
signal; 

a second tuner (28) providing a second tuner 
output signal; 

a first antenna (24) providing a first antenna 
signal; 

a second antenna (25) providing a second 
antenna signal; 

an antenna signal combiner (26) coupled 
between said antennas (24,25) and said tuners 
(27,28) selectably combining said first and sec- 
ond antenna signals according to a selected 
one of a plurality of predetermined phase com- 
binations; 

a first noise detector (37) coupled to said first 
tuner (27) and producing a first noise level sig- 
nal In response to a level of noise detected in 
sakJ first tuner output signal; 
a second noise detector (38) coupled to said 
second tuner (28) and producing a second 
noise level signal in response to a level of noise 
detected in said second tuner output signal; 
a tuner signal combiner (32) coupled to said 
first and second tuners (27,28) and said first 



and second noise detectors combining said 
first and second tuner output signals into a 
mixed tuner output signal in proportion to said 
first and second noise level signals, respec- 

5 tively; 

a noise threshold detector (40) coupled to sakt 
first and second noise detectors (37,38) and 
generating an excessive noise detection signal 
if both of said first and second noise level sig- 

70 nals are greater than a predetermined thresh- 

old; and 

a control (44,45) coupled to said noise thresh* 
old detector (40) and said antenna signal corn* 
biner (28) to select a Afferent one of said 
15 predetermined phase combinations in 

response to said excessive noise detection sig- 
nal. 

2. A radio receiver as claimed in claim 1, wherein at 
20 least one of said predetermined phase combina- 
tions creates a directional null in a radiation pattern 
of one of said antennas. 

3. A radio receiver as claimed in claim 1 , wherein said 
25 predetermined phase combinations create pairs of 

directional nulls in radiation patterns of said first 
and second antennas. 

4. A radio receiver as claimed in claim 1 , wherein said 
so antenna signal combiner includes switched weight- 
ing and phase delay circuits. 

5. A radio receiver as claimed in claim 4, wherein said 
antenna signal combiner further includes a cortfigu- 

35 ration for passing only said first antenna signal to 
said first timer and only said second antenna signal 
to said second tuner. 

6. A method of controlling an antenna signal combiner 
40 in a space diversity radio receiver having first and 

second antennas and first and second tuners, 
wherein said antenna combiner includes switched 
weighting and phase delay circuits for selectably 
combining first and second antenna sign ate to be 
45 applied to said first and second tuners according to 
a plurality of respective predetermined directional 
radiation patterns, said method comprising the 
steps of: 

50 measuring first and second noise magnitudes 

in output signals from said first and second tun- 
ers, respectively; 

proportion aly combining said output signals 
from said first and second tuners in response to 
65 said first and second noise magnitudes to pro- 

vide a mixed tuner output signal for recovering 
broadcast information; 

comparing said first and second noise magni- 
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tudes to a predetermined noise threshold and 
generating a detection signal if both of said 
noise magnitudes are greater than said prede- 
termined noise threshold; and 
reconfiguring said antenna combiner in e 
response to an Initial generation of said detec- 
tion signal in order to select different respective 
predetermined directional radiation patterns. 

7. A method as claimed In claim 6 further comprising io 
the steps of: 

waiting for a predetermined settling time after 
reconfiguring said antenna combiner; and 
again reconfiguring said antenna combiner if is 
said detection signal is still present In order to 
select different respective predetermined direc- 
tional radiation patterna 

8. A method as claimed in claim 6 further comprising 20 
the step of. 

modifying reproduction of said mixed tuner out- 
put signal in response to said detection signal 
in order to reduce effects of noise on said zs 
recovery of broadcast Information. 

9. A method as claimed in claim 6, wherein said 
antenna combiner includes configurations provid- 
ing predetermined directional radiation patterns so 
comprised of: 

a first null in a first drection tor said first tuner 
simultaneously with a second null about 180° 
from sakf first nuD for said second tuner; and » 
a third null about 90° from said first direction for 
said first tuner simultaneously with a fourth null 
about 160° from said third null for said second 
tuner. 

40 

10. A method as claimed in claim 9, wherein said 
antenna combiner includes a configuration provid- 
ing a predetermined direction racSatton pattern in 
which said first tuner receives only from said first 
antenna and said second tuner receives only from 45 
said second antenna. 
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